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(54) Cross-linked molded plastic bearings 

(57)- A method is provided for lorming a pUnsiic pros- 
thesis bearing, net-shape bearing, near nei-sh>Hpe bewr- 
ing or plastic stock trom which such a bcrinng c.?in bo 
lormed. The method includes the steps ol providing 
plastic resin in powdered form, subjecting ihc powdered 



resin to irradiation to cross-link the resin-, and molding- 
the irradiaied powder The irradiated powder is molded 
by applying heal and pressure lo form the powder into 
a desired solid plastic shape, the heating being sufficient 
lo melt the powder. " * . 
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Description 

Background of the Invenlion 

[0001] The present invention relates to improved 
bearings {or use in orthopaedtc implant prosthesis and 
paaicularly to methods for making cross-linked molded 
ultra high molecular weight polyethylene (UHMWPE) 
bearings and bearing material. 

[0002] Such UHIVtWPE resin is commonly used for 
bearings in hip, knee, shoulder and elbow prosthesis. 
Typically, the bearings may be formed by direct com- 
pression molding processes or by machining the re- 
quired bearing shapes from mill shapes such as sheet 
or bar slock material. Typically, the stock material or the 
molded bearings are irradiated and subsequently heal 
treated or heal annealed. The irradiation generates mo- 
lecular cross-links and Iree radicals. The free radicals 
are subsequently eliminated by the heat treating proc- 
esses. 

[0003] Reference is made to a number of pi ior an ref- 
erences as follows: U.S.. Patents: 

1. U.S. Patent No. 5.414, 049. ivion -Oxidizing Poly- 
meric Medical Implant, to Dch-Chuan Sun, ct al.. 

2. U. S. Patent No. 5.449. 745. Non-Oxidizing Pot- 
ymeric Medical Implant, to Deh-Chuan Sun et al.. • 

3. U.S. Patent No. 5.543.471. Non-OxidizinQ Poly- 
meric Medical Implant , to Deh-Chuan Sun. et al. 

4. U.S. Patent No 5.650.485. NonOxidi/ing Poly- 
meric Medical Implant, to Deh-Chuan Sun. et al.. 

5. U.S. Patent No. 5.728.748. Non-Oxidizino Poly- 
meric Medical Implant, to Deh-Chuan Sun, et al.. 

6. U.S. Patent fsio. 4.566.995. Polymer and Irradia- 
tion Treatment Method, to James C. Randall. 

7. U. S. Patent No. 5.153.039. Hich Density Poly- 
ethylene Article with Oxygen Barrier Properties, to 
Jay P. Porter, et al.. 

8. U.S. Patent No. 5.508.319. High Melt Strength. 
Ethylene Polymer. Process lor Making it. and Use 
Thereof , to Anthony J. DeNicola, Jr. et al.. 

9. U.S. Patent No.3.352.818. Stability of Polyole- 
fines. to Gerhard Meyer, el al.. 

10. U.S. Patent No 5.577.368. Method lor improv- 
ing Wear Resistance ot Polymeric Bioimplaniable 
Components, to John V. Hamilton, et al.. 

11 . U.S. Patent No 5.753.182. Method lor Reduc- 
ing the Number of Ftee Radicals Piesent in Ultia- 
htgh Moleculai Weight Polyethylene Orthopedic 
Components , to Joel Higgins. 

12. U.S. Patent No. 5.709.020. Method for Reduc- 
ing the Generation of Wear Particulates From an 
Implant , to David A. Picnowski. ct al.. 

13. U.S. Patent No. 5.702.456. Implant Having Re- 
duced Generation of Wear Panculaies. to David A. 
Pienowski. 

14 U S Patent No 5.515 590 Method for Reduc- 
ing Ihe Generation of Wear Particulates From an 



Implant. David A. Pienowski. 

15. U.S. Patent No. 5.593.719. Treatments to Re- 
duce Frictlonat Wear Between Components Made 
of Ultra-High Molecular Weight Polyethylene and 

5 Metal Allovy . Geoffrey Dearnaley. et al. 

16. U.S. Patent No. 4.366.618. Bone Connective 
Prosthesis Adapted to Maximize Strength and Du- 
fabilttyof Prostheses - Bone Cement Interface: and 
Methods of Forming Same, to Simon Raab. 

JO 17. U.S. Patent No. 5.014.494. Method of Sterilizing 
Medical articles, to Robert D. George. 
18. U.S. Patent No. 5.137.688. Irradiated Articles 
Molded From Polycarbonate - Poivamide Blends. 
to James L. DeRudder. 

IS 19. U. S. Application No. 08/911.792. Process tor 
Medical Implant ol Cross-linked Ultrahigh Molecu- 
lar Weight Polyethylene Having Improved Balance 
of Wear Properties and Oxidation, filed August 15. 
1 997. to Kenneth Ashley Saum. el al, 

20 

Foreign Patents 
[0004] 

25 20: £.P. Patent No. 0722973 Al. Chemically 
Crosslinked Ultrahigh Molecular Weight Poiyethyl- 
. ene for Artificial Human Joints, to Ron Salovey, et 
al.. 

21 WO. Patent No 97729793. Radiation and MeW 
30 Treated Ultra High Molecular Weight Polyethylene 
Prosthetic Devices, to W Merrill, et al.. 
22. W,0. Patent No. 98/01QS5. Crosslinkinq of Pol- 
yethylene for Low Wear Using Radiation and Ther- 
mal Treatments, to Fu-Wen Shen. et al.. 

3S 

[0005] The above references teach the general con- 
cepts involved in forming UHMWPE resin directly into a 
part or a stock form from which the part is made, gamma 
or other irradiation of the pan or the slock form and sub- 

^ sequent heal treating (annealing or remelling) of the part 
or stock lorm. The disclosures of these above-listed ref- 
erences are incorporated herein for purposes of estab- 
lishing the nature of UHMWPE resin, the irradiatbn * 
steps and options and the heat treating steps and op- 

-iS lions. 

Summan/ o( the Invenlion 

[0006] The present invenlion is directed to a method 
so (or irradiating the UHMWPE resin when it is in powder 
lorm. which produces cross linking of the nnolecular 
chains as well as free radicals. The free radicals gener- 
ated from the gamma irradiation arc quenched by the 
subsequent molding process. 
SS [0007] While the prior art leaches irradiating formed 
bearing parts or slock from which bearings are made. 
Ihe present invention involves irradiation of the UH- 
MWPE resin powder, preferably by gamma or electron 
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beam irradiation. This ionizing irradiation will generate 
molecular cross-links and free radicals as is well docu- 
mented. These Iree radicals will be dealt with in the 
present invention by the molding process which involves 
temperatures above the melting point of the polymer. 
[0008] The present invention is designed to reduce 
the amount of wear debris generated from UHMWPE 
bearings. Such wear debris has been associated with 
bone and soft tissue deterioratbn leading to irnplant 
loosening, which may necessitate even revision sur- 
gery. The present invention is also to improve the wear 
resistance of UHMWPE bearings. 
[0009] Additional features of the present invention will 
become apparent lo those skilled in the art upon con- 
sideration of the following detailed description of pre- 
ferred embodimenls exemplifying the best mode ol car- 
rying out the invention as presently perceived. 

Description of the Preferred Embodiment(s) 

[0010] The present invention involves producing a 
cross-linked bearing component by cross-linking the 
UHMWPE resin powder and then using the thermal en- 
ergy of the molding process to promote lurthcr cross- 
linking by Irec-radical quenching. The process of the 
present invention may be used to mold net-shape bear- 
ings directly to provide a finish which is satisfactory for- 
an articular (bearing) surface. (The term "net-shape" Is 
intended to define a shape that Is the final shape of the 
bearing lo be used in the implani. "Near net-shape' re- 
quires some degree of machining to produce the final 
bearing.) It is believed- that smoother bearing surfaces 
can be made by molding processes than by machining 
processes. 

[001 1 ] The irradiation process may preferably be per- 
lormed under vacuum, in an inert atmosphere to elimi- 
nate oxygen, or in an oxygen reduced atnx)sphere. Ox- 
ygen present when irradiating has been shown to cause 
subsequent reduction in mechanical properties for UH- 
MWPE. A premolding vacuum phase is also contem- 
plated by the present invention to enhance removal or 
reduction of any unwanted oxygen from the UHMWPE 
resin powder. For example, the irradiated powder resin 
may be cold pressed into the desired shape and then 
left under vacuum before heat is applied. 
[0012], The molding process, which may also prefer- 
ably be perlormed under vacuum, may involve pres- 
sures from 1 .000 to 70,000 psi and sel point tempera- 
tures of 250* to 500* Fahrenheit. The resulting work 
piece is either the actual desired bearing configuration 
or blank that can be machined subsequerilly.io produce 
the desired bearing geometry. 

[001 3] It will be appreciated, however, that acceptable 
results may be achieved when either or both the irradi- 
ation process and the molding process are carried out 
under atmospheric conditions, i.e.. with some oxygen 
present. This may well be the case for certain bearing 
configurations 



[0014] One embodiment of the present invention re- 
lates to a method for producing a nnedical implant or 
Slock from which an implant can be made from olefinic 
material such as UHMWPE comprising the steps of 

5 placing olefinic resin in a sealed container, preferably 
evacuating or displacing air from the container to pro- 
duce a tow oxygen or oxygen free atmosphere, subject- 
ing the resin container to irradiation, preferably gamma 
or electron beam irradiation, at a dose level between 2 

10 and 50 Mrads to create cross-links and free radk:als 
within the polymer resin, preferably maintaining an inert 
atmosphere, and subjecting the free radical containing 
powder to a molding operation which preferably lakes 
place in a vacuum or in the inert atmosphere. The irra- 

15 diated resin may preferably be transferred from the 
sealed container to the molding equipment in a vacuum 
or in an inert atmosphere environment or may be ex- 
posed to air for a short time during the transfer. 
[001 5] The molding operation may comprise the steps 

20 of raising the powder resin within the mold to a temper- 
ature at or above the melting point of the resin. The pur- 
pose of this is to produce a consolidated net-shape or 
near net-shape implant or raw. material {bar. sheet or 
puck stock) while simultaneously quenching the free 

2S radicals to promote further cross-linking between mole- 
cules of the polymer. 

[0016] The sealed container may be flushed with inert 
gas (nitrogen, argon, helium, neon^ or any combination 
thereof) and evacuated several times to further reduce 
30 the residual oxygen content. Instead .of a vacuum, the 
atmosphere of the sealed container prior to gamma ir- 
radiation and storage may also be an inert gas consist- 
ing of nitrogen, argon, helium, neon, or any combination 
thereof. 

35 [0017] A more complete understanding of the present 
invention can be obtained by referring to the folkswing 
Illustrative examples of the practice of the invention, 
which examples are noi intended, however, to be unduly 
limitative of the invention. 

40 

EXAMPLE 1 

« 

[0018] A polymer resin is acquired in powder lonm. 
which IS olten referred lo as flake' in the industry This 

4S resm powder is placed in pouches which are formed 
.from a breathable plastic membrane. It is common to 
use such Tyvek^** pouches lo package medical prod- 
ucts for sterilization. A plurality of such pouches are 
placed in a vacuum container, i.e., a container which can 

so be ctosed and in which a vacuum can be formed. This 
container may be pumped for a period of time sufficient 
to remove the oxygen, at least to the extent discussed 
in the prior art relcrences. in some cases, it may be ad- 
visable to pull what is referred to as a "high vacuum' 

ss condition within the sealed container to make sure the 
resin powder is oxygen free. H will be appreciated that 
the process of pumping the vacuum in the container niay 
be a process in which, after a vacuum is initially pulled 
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on the container, the container nviy be litlod wtth ho inert 
gas. and then the inert gas m/iy ho pnmpnri frrvn iho 
container. This Hushing process nviy mKc pbicc iwo or 
more times to acquire Ihe desired oxyacn i-cccondi!>on 
[001 9] The conlainer is sealed nnj icli under h vacu- 
um and irradiated using standaro iti^a».-iiio<i tccr.niQucs 
through the walls of Ihe metal coniaincr Whi c inc irra- 
diation may be from 2 to 50 Minds Of c«/cn 2 lo lOO 
Mrads. it is generally believed lhal iimdi^ihon liom 2 lo 
20 Mrads is sufficient. The coniaincr ts removed Irom 
the irradiation station and a two driy posi-trrrtdifliion 
pump down was conducted lo remove rcsiduril hydro- 
gen. The container was then brought lo ihc molding area 
which may comprise one or more molding presses It 
may be advisable to transfer the pouches Ironi the con- 
tainer to the molding presses using h sysiem which will 
keep the pouches and the powder (herein irom being 
exposed lo oxygen. It is believed lo be prcicinblc to do 
the actual molding in mold equipment which is capable 
of being under a vacuum. Allernattvely. « sfiori lime ex- 
posure of the irradiated resin to ait inciy be nicoiibcqucn* 
tial. Essentially, the resin powder is iransicrrcd from the 
pouches into the molding equipment and molded under 
a vacuum or inert gas (oxygen free environmenl). The 
molding operation is rather conventional in that it applies 
teiTiperatures greater than the melting point of the resin 
and pressures to form the desired molded rrateria! 
which may be a net-shape bearing, a near net-shape 
bearing or stock Irom which a bearing may be fabncai- 
ed. 

[0020] The method of the present invention, there- 
fore, contemplates irradiation of resin povyder and mold- 
ing (remelling) of the resin powder under sufficient heat 
and pressure to (orm the powder into a desired solid 
plastic shape. The irradiation and the molding may lake 
place in atmosphere or in a vacuum or tn an inert atmos- 
phere. In this speciftcaiion and in the claims a vacuum, 
partial vacuum or inert atmosphere may collectively be 
referred lo as an 'oxygen reduced atmosphere.' The 
molding may take place in conventional molding equip- 
ment in atmosphere or m oxygen reduced atmosphere. 
The plastic may be an olefinic resm such as UHMWPE 
or any plastic which is cross-linked by irradiation and the 
tree radicals of which are elminaied by heat treating 
such as by remelling lor molding. 

EXAMPLE 2 . 

[0021] A UHMWPE polymei lesin (GUR 1050 liom 
Ticona) was acquired in powder form. This resin powder 
was placed in a pouch and positioned in a vacuum con- 
tainer, which was closed. The container was placed un- 
der a vacuum for a period of lime sufficient to substan- 
tially remove the oxygen from the resin powder. The 
container was left under a vacuum and irradiated at 
about 5 lo about 10 Mrads using standard irradialion 
techniques 

[0022] The polymer resin was then removed from the 



container and subjected to a two day post-irradiation 
punnp down to remove residual hydrogen from the pol- 
ymer resin. The polymer resin was then transferred to 
compression molding equipment. The polymer resin 

s was again placed under a vacuum to substantially re- 
move the oxygen from the resin povwjer and molded in 
an oxygen free environment. About 1 500 pounds per 
square inch of pressure was applied to the resin power 
at a temperature of about 400' F for 60 minutes. The pol- 

to ymer resin was albwed to cool to room temperature and- 
re moved from the molding equipment. 
[0023] It is thought thai the method for forming a plas- 
tic prosthesis bearing, net-shape bearing, near net- 
shape bearing or plastic stock from which such a bear- 
\r\g can be formed by the present invention and many of 
Its attendant advantages will be understood from the 
loregoing description and it will be apparent that various 
changes may be made without depaning from the spirit 
and scope of the invention or sacrificing all of its material 
^0 ddvaniages. the lorm hereinbelore described being 
ineiely a ptefeired or exemplary embodiment thereof. 
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Claims 

1. A method for forming a plastic prosthesis bearing, 
net-shape bearing, near net-shape bearing orplas-. 
tic stock from which such a bearing can be formed, 
Ihe method comprising ihe steps of [ 

providing plastic resin in powdered form, 
subjecting the powdered resin to irradiation to 
cross-link the resin, and 
molding the irradiated powder by applying heat 
and pressure to form the powder into a desired 
solid plastic shape, the heating being sufficient 
to melt the powder. 



2. The method of claim 1 in whk:h the irradiation step 
JO is accomplished in an oxygen reduced atmosphere. 

3. The method ol claim l in which the molding step is 
accomplished in an oxygen reduced atmosphere. - 

-ts 4. The method of claim l in which the molding step 
•.involves pressure Irom 1 .000 to 70.000 psi. 

5. The method ol claim 1 in which the moldirig step is 
at a tempeiatuie of 250" F to 500* F. 

so 

6. The method of claim 1 in which the irradiation step 
is at a level of 2 to 100 Mrads gamma radiation. 

7. The method of claim 1 in which the irradialion step 
ss is at a level of 2 lo 5 Mrads of gamma radiation. 

8. The method of claim 1 in which the irradialion step 
is ai a level of 2 lo 20 Mrads of gamma radiation. 
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9. ^ The method of claim 1 in which the irradiation step 

comprises the steps oi placing resin powder in 
pouches formed frorn a breaihabte plastic nnem- 
brane. placing the pouches in a container, and pro- • 
viding an oxygen reduced atmosphere in the corv s 
tainer during the irradiation. 

10. The method ol claim 9 in which the molding step 
involves transferring the pouches containing the ir- 
radiated resin to the molding press where the heat 
and pressure are applied 



11, The method ol claim lO in which the molding step . 
involves a temperature greater than the melting 
point of the resin. 

.12. The method ol Claim 1 in which the plastic is an 
^ * otefinic plastic resin. 

13. The method ol Claim 1 in which the plastic is UH- 

MWPE. ■ 

14. A method lor torming a plastic prosthesis bearing, 
net-shape bearing, near net-shape bearing or plas- 
tic stock Irom which such a bearing can be lorrned. 
the method comprising the steps of 

' 'f'. providing plastic resin in powdered lorm, • 

^ subjecting the powdered resin to irradiation to 

i cross -link the resin, ^ 

heating the powder resin within a mold to a tem- 
perature at or above the meltiiig point of the 
resin lor a time sufficient to lorm the powder into 
a desired solid plastic shape and quench the 
free radicals. ^ 



15. The method of claim 14 in which the irradiation step 
is accomplished in an oxygen reduced atmosphere. 

1 6. The method of claim 1 4 in which the heating step is ■'O 
y accomplished in an oxygen reduclBd atmosphere. 

i ■ 

M 17. The method of claim 14 in which the heating step ■ 

involves pressure trom 1 ,000 to 70.000 psi. 

18. The method ol claim 1 4 in which the heating step is 
at a temperature of 250" F to 500" F. 

19. The method of claim 1 8 in which the irradiation step 
is 31 a level of 2 to 1 DO Mrads gamma radiation. 

20. The method o( claim 14 in which the irradiation step 
is ai a level of 2 to 5 Mrads of gamma radiation. 
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